A circular, viroid-like satellite RNA (sat RNA) was detected in lucerne transient streak virus (LTSV), from lucerne in South Australia. It was larger than the previously reported sat RNA of LTSV, being similar in size and sequence homology to the 388 nucleotide sat RNA previously shown to be encapsidated by subterranean clover mottle virus (SCMoV) isolated from subterranean clover in Western Australia. This indicates that under field conditions, very similar sat RNAs can be associated with two distantly related sobemoviruses, LTSV and SCMoV. The natural hosts of these viruses are lucerne and subterranean clover, respectively.
Lucerne transient streak virus (LTSV), a member of the sobemovirus group (Francki et al., 1985) , has been isolated in Australia (Blackstock, 1978) , New Zealand (Forster & Jones, 1979) and Canada (Paliwal, t983) . Isolates of the virus from all three countries were shown to contain circular, viroid-like satellite RNAs (sat RNAs) (Tien-Po et al., 1981; Paliwal, 1983; Jones et al., 1983) which have been sequenced (Keese et al., 1983; AbouHaidar & Paliwal, 1988) . Whereas the sat RNAs of the Australian (LTSV-Au) and New Zealand (LTSV-NZ) isolates differ in only eight of their 324 nucleotides, they share only 80% homology with the Canadian isolate sat RNA, of 322 residues. In this paper we report the isolation of an LTSV (LTSV-SA) from lucerne (Medicago sativa) in South Australia, which encapsidates a larger sat RNA than previously described, and which is similar in size and nucleotide sequence homology to the larger of the two sat RNAs of subterranean clover mottle virus (SCMoV), described by Francki et al. (1983) and sequenced by Davies et al. (1990) .
LTSV-SA was transmitted by mechanical inoculation from a plant in a 12 year old stand of lucerne cv. Hunter River near Mintaro (33°55'S, 138o43 ' E), to Chenopodium quinoa, and was maintained in a glasshouse in the same host. The virus was distinguishable from both LTSV-Au and LTSV-NZ by its host range, and symptomatology displayed by selected infected plants. LTSV-Au and LTSV-NZ (Blackstock, 1978; Forster & Jones, 1979; Francki et al,, 1985) , LTSV-SA induced chlorotic and necrotic lesions on both inoculated and systemically infected leaves of C. quinoa. The virus infected inoculated leaves of Viciafaba without inducing symptoms, as does LTSV-Au, but not LTSV-NZ. However, like LTSV-NZ, but not LTSV-Au, it produced local lesions on the inoculated leaves of C. amaranticolor and Pisum sativum, and infected Nicotiana elevelandii systemically without inducing any symptoms.
LTSV-SA was purified from C. quinoa as described by Francki et al. (1985) and an antiserum with a titre of 1/256 in immunodiffusfon tests was prepared in a rabbit injected with virus preparations fixed with glutaraldehyde (Francki et al., 1980) . This antiserum and one prepared by Francki et al. (1983) to LTSV-NZ, a very close serological relative of LTSV-Au, failed to distinguish LTSV-SA and LTSV-NZ in immunodiffusion tests. However, in similar tests, the antiserum to LTSV-SA failed to recognize SCMoV, which is only very remotely related (serological differentiation index > 7) to LTSV-Au and LTSV-NZ (Francki et al., 1983) . The serological and host range data confirmed that LTSV-SA is a strain of LTSV.
RNA, extracted with phenol and SDS from purified preparations of LTSV-SA, was subjected to electrophoresis in polyacrylamide gels, under denaturing conditions in the presence of 7 M-urea (Gould, 1981) . Circular (RNA 2) and linear (RNA 3) forms of the sat RNA were detected in the preparations, but their mobilities were slower than those from LTSV-NZ (data not shown), which have been shown to be indistinguish-0000-9532 © 1990 SGM , a mixture of LTSV-SA and SCMoV (388 nucleotides) (lanes 2) and with SCMoV (lanes 3). Electrophoresis was in 5% polyacrylamide gels in the presence (a) and absence (b) of 7 M-urea as denaturing agent (Gould, 1981) . The RNA was stained with silver.
able from those of LTSV-Au (Tien-Po et al., 1981) . On the other hand, when LTSV-SA RNA was co-electrophoresed with RNA from SCMoV carrying its larger sat RNA of 388 nucleotides (Francki, 1987) , the RNAs 2 and 3 co-electrophoresed (Fig. l a) . Nevertheless, the sat RNAs of LTSV and SCMoV were not identical because, in the absence of 7 M-urea, their electrophoretic mobilities were different (Fig. l b) . Such differences in electrophoretic mobilities can be attributed to differences in secondary structure. Even a single base change can cause a difference in the electrophoretic mobility of native viroids (Randles et al., 1988) . RNAs 2 from LTSV-SA and SCMoV were purified by polyacrylamide gel electrophoresis in the presence of 7M-urea, as described by Gould (1981) , and the complementary DNA (cDNA) to SCMoV RNA 2 was prepared by the random primer method using reverse transcriptase (Taylor et al., 1976; Abu-Samah & Randles, 1981) . Homologous hybridization of the SCMoV RNA 2 with its cDNA gave a R0tl/2 of 4 × 10 -3 mol. s/l, a rate expected for an RNA of this size. The extent of hybridization of SCMoV and LTSV-SA RNAs 2 with cDNA to SCMoV RNA 2, at an Rot of 2 mol.s/l, was 80 +_ 2"5~o and 76 + 3-0~o, respectively, after corrections for self-annealing (data not shown). Moreover, the thermal denaturation profiles of the homologous and heterologous hybrids were similar with Tm of about 83.5 °C (Fig. 2) , indicating little, if any, mismatching between the two RNAs.
We conclude that the sat RNA of LTSV-SA is similar in its size and sequence to that of the 388 nucleotide SCMoV sat RNA, which is quite different from the three LTSV sat RNAs (322 to 324 nucleotides) previously isolated in Australia, New Zealand and Canada (Keese et al., 1983; Francki, 1987; AbouHaidar & Paliwal, 1988) . Keese et al. (1983) reported that the 388 nucleotide SCMoV sat RNA was capable of replicating in the presence of LTSV as a helper virus under glasshouse conditions in C. quinoa. It has now been revealed that under field conditions, very similar sat RNAs can infect either subterranean clover or lucerne, with SCMoV or LTSV as helper viruses. The epidemiological significance of this is at present obscure as no vectors have yet been found to transmit either LTSV or SCMoV, and it is not understood how the viruses spread in the field.
